The estimation of sugars is a matter of interest to every worker engaged in the study of carbohydrate metabolism and related problems. In order to be of any real value a method must not only allow the determination of relatively small amounts of sugars with sufficient accuracy, but should also be rapid, and thus permit of a large number of determinations being carried out in a short time. Semi-micro modifications of the Munson-WalkerBertrand method (1, 5) have been elaborated by ILJIN (2) and WILDMAN and HANSEN (7) with the object of satisfying these demands as nearly as possible. The method of WILDMAN and HANSEN unfortunately requires apparatus which is not available in every laboratory. ILJIN'S modification attracted the writer's attention on account of its simplicity.
Introduction
The estimation of sugars is a matter of interest to every worker engaged in the study of carbohydrate metabolism and related problems. In order to be of any real value a method must not only allow the determination of relatively small amounts of sugars with sufficient accuracy, but should also be rapid, and thus permit of a large number of determinations being carried out in a short time. Semi-micro modifications of the Munson-WalkerBertrand method (1, 5) have been elaborated by ILJIN (2) and WILDMAN and HANSEN (7) with the object of satisfying these demands as nearly as possible. The method of WILDMAN and HANSEN unfortunately requires apparatus which is not available in every laboratory. ILJIN'S modification attracted the writer's attention on account of its simplicity.
In ILJIN'S method centrifuge tubes containing 6-ml. aliquots of the sugar solution and 6 ml. of Fehling's solution (of a higher concentration than used in the original Munson-Walker method) are heated in a boiling water-bath for ten minutes. After cooling, the precipitate is separated from the liquid by centrifuging, washed, and dissolved in acid ferric ammonium sulphate solution. The latter is then titrated with potassium permanganate solution.
Preliminary experimentation When Iljin's method was tried out in the writer's laboratory consistently low values were obtained. It was first thought that these low values were due to the reduced boiling temperature of water (940 C.) at the altitude of Johannesburg (5, At the end of three minutes place the wire basket holding the tubes into a beaker filled with running tap-water, and leave them there for three minutes. Then centrifuge for three minutes at 2000 to 3000 r.p.m. Using a small-bore glass tube, whose lower end is bent upwards and whose upper end is connected by means of a rubber tube to a suction flask and suction pump, carefully siphon off the supernatant liquid, leaving, however, approximately 0.5 ml. of liquid covering the precipitate in the tube. By gentle shaking and tapping disperse the bulk of the precipitate in the remaining 0.5 ml. liquid, and break it up as completely as possible by running in 12 ml. of distilled water in a strong jet from a burette. Any precipitate clinging to the walls should also be washed down by this means.
Centrifuge again for three minutes, siphon off, and wash as before. Centrifuge for a third time for three minutes, and again siphon off the supernatant liquid. After the precipitate has again been dispersed in the remaining 0.5 ml. liquid, vigorously blow in 5 ml. of acid ferric ammonium sulphate solution from a pipette, thus dissolving the precipitate.
If In most cases, the agreement in the glucose values as found by the two methods was very good, though with some sugars (fructose, galactose, and xylose) slightly lower values were obtained with the macro-method. The differences are, however, small enough to be considered to be of the mag- (6) . Maltose, however, appears to occur widely distributed in plants, though generally in very small quantities. It is found in greatest amounts in germinating starchy seeds (4) . When lactose and maltose were calculated as glucose, agreement between the two methods was found to be very good. The values obtained with the macro-method, and calculated as lactose and maltose respectively from the original Munson- Walker curves, are low, however.
The figures given in the column of table III, headed "ratio," represent the ratios of disaccharide concentration used: apparent glucose concentration found by the modified Iljin method. As will be seen, this ratio is more or less constant for different concentrations of the same disaccharide. The small differences found in the tests with different concentrations are considered to be due to experimental error. It is hence possible, when analyzing solutions which contain either lactose or maltose in the absence of other reducing sugars, to calculate the actual concenitration of the disaccharide with sufficient accuracy by iuultiplying the apparent glucose value with the appropriate factor. The mean of the three values is proposed as a tentative factor, viz., 1.96 for maltose, and 1.55 for lactose. Both factors refer to the crystallized disaccharide, containing one molecule of water of crvstallization.
TESTS WITH PLANT EXTRACTS
For a more practical test of the reliability of the new modification, extracts were prepared from a number of plant materials. Aliquots of the extracts were hydrolyzed, and unhvdrolyzed and hydrolyzed aliquots of the extracts were used for the determination of reducing and total sugars respeetivelv bv both the macro-and the semi-micro method. Non-reducing sugars were found by subtraction (total sugars -reducing sugars) after the necessarv corrections for preceding dilutions had been made. Both reducing and non-reducing sugars were calculated as glucose, and expressed as percentages of the analyzed extracts (not of the original materials). These values are given in table IV.
Here again good agreement was, in general, achieved in the results of the two methods. There are, however, several exceptions: the reducing sugar values of the extracts from bean leaves, grass roots, Eucalyptus pared, while in the case of the polysaccharide hydrolysate the original extract (the reducing sugar values of which are given in table IV) was used. Aliquots of these extracts were diluted to twice, five times, ten times, fifty times, and one hundred times their original volume. The pereentages of reducing sugars in these aliquots were determined by both methods; and in order to make all results comparable, the values were multiplied by the corresponding dilution factor (viz., 1, 2, 5, 10, 50, and 100 respectively). The results are given in table V.
Practieally identical results were obtained by both methods with all higher concentrations, down to 1/10 of the original concentration. Agreement was better for the polysaccharide hydrolysate than for the Eucalyptus manna extract, for which somewhat low values were also obtained with the relative concentration 1/10. The Eucalyptus manna extract was an uncleared aqueous solution, containing small amounts of colloidal matter. Inaccurate results and poor agreement were obtained with concentrations below the actual ranae of either method with both extracts.
Although the possibility cannot be rejected that with some extracts different values may be obtained by the two methods, it would appear that at least some of the above-mentioned discrepancies are merely due to errors resulting from the use of very low concentrations. By choosing a suitable concentration well within the required range it should be possible to obtain reliable results with most extracts, particularly if the latter are well cleared. Summary 1. A lnew modification of ILJIN'S semi-micro method for t.he determination of reducing sugars is described. The method uses 5-ml. aliquots of the unknown solution, and allows amounts of glucose ranging from 0.1 mg. to
